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OPTICAL SCANNING APPARATUS 

BACKGROUND OF THE INVENTION 
Field of the Invention 
5 The present invention relates to an optical 

scanning apparatus, in particular, an optical 
scanning apparatus that allows a polygon mirror as a 
light deflector to reflect and deflect a beam emitted 
from light source means, and optically scans a 

10 surface to be scanned with the beam through a 

scanning optical system to record image information. 
The optical scanning apparatus is suitable, for 
example, for an image forming apparatus employing an 
electrophotographic process, such as a laser beam 

15 printer (LBP) , a digital copying machine, or a multi- 
function printer. 
Related Background Art 

Up to now, in an image forming apparatus such 
as a laser beam printer or a digital copying machine, 

20 a light deflector composed of, for example, a rotary 
polygon mirror periodically deflects beams emitted 
from light source means including a semiconductor 
laser, for example, after being optically modulated 
according to an image signal. Subsequently, the 

25 deflected beams are converged into a spot shape on a 
photosensitive recording medium (photosensitive drum) 
surface using a scanning optical system (scanning 
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lens system) having an f0 characteristic, and the 
recording medium surface is optically scanned 
therewith for image recording. 

Fig. 19 is a main-part sectional view in a main 
5 scanning direction (main-scanning sectional view) of 
an optical scanning apparatus used in the 
conventional image forming apparatus of this type. 

In Fig. 19, parallel beams emitted from a laser 
unit 91 including a semiconductor laser enter a 

10 cylindrical lens (condenser lens) 92 having a 

predetermined refractive power only in a sub scanning 
direction. The parallel beams incident on the 
cylindrical lens 92 outgo therefrom still in the form 
of parallel beams in a main-scanning section. 

15 On the other hand, the above parallel beams are 

converged in a sub-scanning section into an image as 
a linear image elongated in the main scanning 
direction, around a deflection surface 93a of a light 
deflector 93 composed of a rotary polygon mirror. 

20 The beams reflected and deflected on the deflection 
surface 93a of the light deflector 93 are focused 
into an image in the form of light spot on a 
photosensitive drum 95 surface as a surface to be 
scanned by a scanning optical system (f0 lens system) 

25 94 having the fG characteristic. Thus, the 

photosensitive drum 95 surface is repeatedly scanned 
with the light spots. The scanning optical system 94 
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is constituted of a spherical lens 94a and a toric 
lens 94b. 

In the above optical scanning apparatus, a beam 
detector (BD) sensor 98 as a light detector is 
5 provided for adjusting a timing for the initiation of 
image formation on the photosensitive drum 95 surface 
prior to scanning of the light spot on the 
photosensitive drum 95 surface. The BD sensor 98 
receives a BD beam constituting a part of the beams 

10 reflected and deflected by the light deflector 93, 

i.e., the beam at the time of scanning regions other 
than an image formation region on the photosensitive 
drum 95 surface, in other words, the beam that has 
not yet reached the image formation region. The BD 

15 beam is reflected by a BD mirror 96 and converged 

through a BD lens (condenser lens) 97 to enter a BD 
sensor 98. After detecting a BD signal (synchronous 
signal) from an output signal of the BD sensor 98, 
the timing for. the initiation of image recording on 

20 the photosensitive drum 95 surface is adjusted based 
on the detected BD signal. 

The photosensitive drum 95 is rotated in 
synchronization with a drive signal of the 
semiconductor laser inside the laser unit 91 at a 

25 constant speed while moving its surface in the sub 

scanning direction with respect to the scanning light 
spot . 
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An electrostatic latent image is thus formed on 
the photosensitive drum 95. The electrostatic latent 
image is developed using a known electrophotographic 
process and transferred onto a transferring material 
5 such as paper as a visualized image. 

In general, a multiple-image forming apparatus 
employing the scanning optical system forms images in 
different colors in plural image forming parts, 
conveys the paper with conveying means such as a 

10 conveyor belt, for example, and multiply transfers 
the images onto the paper for the image formation. 
In particular, concerning the formation of a full- 
color image, which requires multi-color development, 
even a slight offset at the time of superposing the 

15 images leads to a deteriorated image. For example, 

regarding an image resolution of 400 dpi, even such a 
small offset as a fraction of 63.5 jjiti, which value 
corresponds to one pixel, causes a color drift or a 
color tint variation to extremely degrade the image. 

20 To cope with the above, up to now, the same 

scanning optical system has been used for the color 
development, in other words, the optical scanning is 
performed with the same optical characteristics to 
reduce the risk of the image offset. However, this 

25 method involves a problem in that it takes a long 

time to output the multiple image or full-color image. 
With a view to solving the problems, there is a 
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method of forming images by separate optical scanning 
apparatuses to obtain the images in respective colors 
and superposing the images on the paper conveyed by a 
conveying part. 
5 However, this method involves a fear that the 

color drift is caused when superposing the images. 
As a method effective therefor, there is a method of 
detecting a position of the image and controlling the 
image forming part to correct the images according to 
10 the detection signal (see, for example, JP 01-281468 
B) . 

Meanwhile, in the image forming apparatus for 
scanning plural photosensitive members with the beams, 
the same number of scanning optical systems as that 

15 of the photosensitive members are generally provided 
for forming latent images on the plural 
photosensitive members. In the apparatus, a problem 
arises in that the optical parts should be provided 
in a number corresponding to the number of scanning 

20 optical systems. In particular, the light deflector 
(polygon mirror) is an expensive optical part, 
resulting in increased costs. Also, the scanning 
optical system with a high-speed operation and a high 
definition particularly involves a large-sized light 

25 deflector as well as needs to have an ability to 

deflect the beam at a high speed, which causes a more 
serious problem. 
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To solve the above problem, proposed is an 
optical scanning apparatus for deflecting the plural 
beams with the common light deflector. Also in the 
optical scanning apparatus that scans the 
5 photosensitive member in the sub scanning direction 
using the common light deflector, it is necessary to 
provide a mechanism for shifting a scanning position 
of the beam in the sub scanning direction for 
improving a precision in superposing the images in 

10 the sub scanning direction. As a method of shifting 
the position, the deflection surface of the light 
deflector is selected, from which scanning with the 
beam starts in the sub scanning direction, so that 
the scanning position of the beam is shifted line by 

15 line in the sub scanning direction. The adjustment 
is thus performed. 

Further, in recent years, there is an 
increasing demand for a compact, low-priced full- 
color image forming apparatus with a high image 

20 quality. To give an example of a system for meeting 
such a demand, a system employing a single, common 
light deflector for scanning with the plural beams, 
is proposed, in which a first lens is commonly used 
in the scanning optical system, and the beam is 

25 allowed to obliquely enter the deflection surface of 
the light deflector to reduce widths of optical 
members such as the lens and the polygon mirror in a 
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height direction, thereby realizing cost-reduction as 
well as a thin, compact scanner. 

However, the system allowing the beam to enter 
the light deflector in the sub-scanning section at an 
5 angle with its deflection surface, i.e., a so-called 
oblique incident optical system encounters problems 
in that the beam on an image plane (photosensitive 
drum surface) is turned and an imaging position of 
the beam varies in the sub scanning direction 
10 depending on the scanning position, i.e., a so-called 
scanning line curvature develops. 

The scanning line curvature causes a problem in 
the LBP that requires high-precision printing. In 
particular, in the image forming apparatus for 
15 forming the full-color image through the multi- 
development by scanning the different photosensitive 
drums using a single polygon mirror, the scanning 
line curvature results in the color drift, which is 
undesirable . 

20 Also, the turning of the beam undesirably 

hinders reducing a spot size; the size of the 
scanning spot' should be minimized particularly in the 
optical scanning apparatus used in the high- 
definition image forming apparatus. 

25 



SUMMARY OF THE INVENTION 

The present invention has been made in view of 
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the above and has an object to provide an optical 
" scanning apparatus capable of attaining a 
satisfactory spot shape on a surface to be scanned 
and free of a scanning line curvature. 
5 According to a first aspect of the present 

invention, there is provided an optical scanning 
apparatus for optically scanning a surface to be 
scanned, including: light source means; an incident 
optical system for temporarily focusing a beam 

10 emitted from the light source means into an image in 
a sub-scanning section to form a linear image on a 
deflection surface of a light deflector; and a 
scanning optical system for guiding the beam 
deflected by the light deflector onto the surface to 

15 be scanned, in which: the beam from the incident 

optical system is incident at an angle with a normal 
to the deflection surface in the sub-scanning 
section; the scanning optical system has a scanning 
optical element having a refractive power in the sub- 

20 scanning section; and the scanning optical element 
has an optical axis eccentric toward a deflection 
point side of the deflection surface with respect to 
a transmission position of a principle ray of the 
beam in a sub scanning direction to meet the 

25 following expression: 



(Pmax - pmin) < P/AL 



where Pmax represents a maximum value of an imaging 
magnification in the sub-scanning section of an 
entire scanning region of the scanning optical system 
and (3min represents a minimum value of the imaging 
5 magnification in the sub-scanning section of the 
entire scanning region of the scanning optical 
system; P represents a pixel size defined according 
to a resolution in the sub-scanning section; and AL 
represents a distance between the normal to the 

10 deflection surface at the deflection point and the 
optical axis of the scanning optical element in the 
sub scanning direction. 

According to a second aspect of the present 
invention, there is provided an optical scanning 

15 apparatus for optically scanning different surfaces 
to be scanned, including: light source means for 
emitting a plurality of beams; a plurality of 
incident optical systems for temporarily focusing the 
plurality of beams emitted from the light source 

20 means into an image in a sub-scanning section to form 
a linear image on a deflection surface of a common 
light deflector; and a plurality of scanning optical 
systems for guiding the plurality of beams deflected 
by the common light deflector onto the different 

25 surfaces to be scanned, in which: the plurality of 
scanning optical systems have scanning optical 
elements each having a refractive power in the sub- 



- 10 - 

scanning section; the plurality of beams incident on 
the common light deflector are incident at an angle 
with a normal to the deflection surface in the sub- 
scanning section; and the scanning optical elements 
5 of the plurality of scanning optical systems each 
have an optical axis eccentric toward a deflection 
point side of the deflection surface with respect to 
a transmission position of a principle ray of each of 
the plurality of beams in a sub scanning direction to 
10 meet the following expression: 

(pmax - (5min) < P/AL 

where P represents a pixel size defined according to 
15 a resolution in the sub-scanning section; pmax 

represents a maximum value of a magnification in the 
sub-scanning section of an entire scanning region of 
the plurality of scanning optical systems and |3min 
represents a minimum value of the magnification in 
20 the sub-scanning section of the entire scanning 

region of the plurality of scanning optical systems; 
and AL represents a distance between the normal to 
the deflection surface at the deflection point and 
the optical axis of the scanning optical element in 
25 the sub scanning direction. 

Other features of the present invention will be 
apparent upon reading the following description in 
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conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a main-scanning sectional view of a 
5 first embodiment according to the present invention; 

Fig. 2 is a sub-scanning sectional view of the 
first embodiment according to the present invention; 

Fig. 3 illustrates a condition of a spot on a 
photosensitive drum surface in the case of not 
10 applying the embodiment of the present invention; 

Fig. 4 illustrates a condition of a spot on a 
photosensitive drum surface according to the 
embodiment of the present invention; 

Fig. 5 is a graph representative of a condition 
15 of a scanning line curvature according to the 

embodiment of the present invention and a condition 
in the case of not applying the embodiment of the 
present invention; 

Fig. 6 illustrates why and how a spot is 
20 turned; 

Fig. 7 illustrates conditions of marginal rays 
in a main scanning direction of a beam until the rays 
outgoing from a second scanning lens, reach an image 
plane; 

25 Fig. 8 illustrates positions at which the 

marginal rays reach the image plane as black circles; 
Fig. 9 is a graph representative of a 
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decentering effect of a lens in a sub scanning 
direction; 

Fig. 10 illustrates a condition in a sub- 
scanning section with no oblique incidence; 
5 Fig. 11 illustrates a condition in a sub- 

scanning section in an oblique incident optical 
system; 

Fig. 12 is a main-scanning sectional view of an 
optical scanning apparatus according to a numerical 
10 embodiment of the present invention; 

Fig. 13 is a sub-scanning sectional view of the 
optical scanning apparatus according to the numerical 
embodiment of the present invention; 

Figs. 14A and 14B each illustrate an optical 
15 performance according to the numerical embodiment of 
the present invention; 

Fig. 15 is a schematic diagram showing a main 
part of a color image forming apparatus according to 
a second embodiment of the present invention; 
20 Fig. 16 is a schematic diagram showing a main 

part of a third embodiment of the present invention; 

Fig. 17 is a developed view showing a condition 
of an optical path of one optical scanning system in 
a developed form; 
25 Fig. 18 is a schematic diagram showing a main 

part of a color image forming apparatus according to 
a fourth embodiment of the present invention; and 
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Fig. 19 is a main-scanning sectional view of an 
optical scanning apparatus used in a conventional 
image forming apparatus. 

5 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, embodiments of the present 
invention will be described. 
( First Embodiment ) " 

Fig. 1 is a main-part sectional view (main- 
10 scanning sectional view) of a first embodiment 

according to the present invention. Fig. 2 is a 
main-part sub-scanning sectional view (sub-scanning 
sectional view) showing a main part of Fig. 1. 

Here, the term "main scanning direction" means 
15 a direction perpendicular to a rotation axis of a 
light deflector and an optical axis of a scanning 
optical system (direction in which a beam is 
reflected and deflected (deflected and scanned) by 
the light deflector) . The term "sub scanning 
20 direction" means a direction parallel to the rotation 
axis of the light deflector. Also, the term "main- 
scanning section" means a plane including the optical 
axis of the scanning optical system in parallel to 
the main scanning direction. The term "sub-scanning 
25 section" means a section perpendicular to the main- 
scanning section. 

In the figures, reference numeral 1 denotes a 
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light source means which emits a beam modulated 
according to an image signal and includes, for 
example, a semiconductor laser; 2, a conversion 
optical element (e.g., a collimator lens) which 
5 converts the beam emitted from the light source means 
1 into a substantially parallel beam (alternatively, 
a substantially divergent or convergent beam) ; 3, an 
aperture stop that adjusts an amount of transmitted 
beam for beam shaping; and 4, a cylindrical lens as a 

10 condenser lens, which has a predetermined refractive 
power only in a sub scanning direction to temporarily 
focus the beam transmitted through the aperture stop 
3 into an image as a substantially linear image in 
the vicinity of a deflection surface 5a of a light 

15 deflector 5 described below in the sub-scanning 

section. Note that, the respective optical elements 
such as the collimator lens 2, the aperture stop 3, 
and the cylindrical lens 4 constitute an incident 
optical system. 

20 Denoted by 5 is the light deflector, which is 

constituted of, for example, a polygon mirror as a 
hexahedral mirror (rotary polygon mirror) and rotated 
at a constant speed in a direction of the arrow A of 
Fig. 1 by drive means (not shown) such as a motor. 

25 Denoted by 9 is a scanning optical system (f0 

lens system) having a converging function and an f0 
characteristic. The scanning optical system 9 is 
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constituted of a first scanning lens 6 as a first 
imaging means and a second scanning lens 7 as a 
second imaging means. The scanning optical system 9 
focuses the beam reflected and deflected by the light 
5 deflector 5 according to image information into an 

image on a photosensitive drum surface 8 as a surface 
to be scanned, and has an optical face tangle error 
correction function which is attained by bringing the 
deflection surface 5a of the polygon mirror 5 and the 

10 photosensitive drum surface 8 into a conjugate 
relationship in the sub-scanning section. 

The first scanning lens 6 of this embodiment is 
constituted of an anamorphic lens which hardly has 
the refractive power in the sub-scanning section but 

15 has the refractive power mainly in the main-scanning 
section. The second scanning lens 7 is constituted 
of an anamorphic lens that has the refractive power 
mainly in the sub-scanning section, which weakens 
from an on-axis position to an off-axis position in 

20 the sub-scanning section. 

Denoted by 8 is the photosensitive drum surface 
as the surface to be scanned. 

In this embodiment, the beams emitted from the 
semiconductor laser 1 are converted into the 

25 substantially parallel beams through the collimator 
lens 2. The aperture stop 3 adjusts the amount of 
the beams (light amount) and then the beams enter the 
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cylindrical lens 4. The substantially parallel beams 
incident on the cylindrical lens 4 partially outgo 
therefrom as they are in the main-scanning section. 
Meanwhile, the substantially parallel beams are 
5 converged in the sub-scanning section to be 

temporarily focused into an image on the deflection 
surface 5a of the polygon mirror 5 as the 
substantially linear image (linear image elongated in 
the main scanning direction) . 

10 At this time, considering the beam to be 

incident on the deflection surface 5a of the polygon 
mirror 5, the beam enters the surface at an angle a 
with a normal to the deflection surface 5a in the 
sub-scanning section (oblique incident optical 

15 system) . 

The beams reflected and deflected on the 
deflection surface 5a of the polygon mirror 5 are 
focused into an image in the spot shape on the 
photosensitive drum surface 8 through the first 

20 scanning lens 6 and the second scanning lens 7. Here, 
by rotating the polygon mirror 5 in the direction of 
the arrow A, the photosensitive drum surface 8 is 
optically scanned in the direction of the arrow B of 
Fig. 1 (main scanning direction) at a constant speed. 

25 Thus, image recording is performed on the 

photosensitive drum surface 8 as a recording medium 
surface . 
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(Characteristics and effects of this embodiment) 

Next, characteristics and effects of this 
embodiment will be described. 

In Fig. 2, reference numeral 21 denotes a 
5 normal to the deflection surface 5a at a deflection 
point 26; and 23, an optical axis of the second 
scanning lens 7 which is eccentric toward the 
deflection point 26 side of the deflection surface 5a 
with respect to a beam transmission position 24. The 
10 beam transmission position 24 corresponds to a 

principal ray of the beam. The optical axis 23 is 
parallel to the normal 21 to the deflection surface 
5a. 

In this embodiment, the situation where the 
15 optical axis 23 is parallel to the normal 21 to the 
deflection surface .5a is observed when projected in 
the sub-scanning section. 

In this embodiment, the beam from the 
cylindrical lens 4 enters the deflection surface 5a 
20 at the angle a with the normal 21 thereto in the sub- 
scanning section, which may lead to a scanning line 
curvature. Thus, the imaging magnification is set 
substantially constant in the sub-scanning section to 
correct the scanning line curvature, thereby 
25 preventing the scanning line curvature. At this time, 
by decentering the second scanning lens 7 (parallel 
decentering and/or rotational decentering) , the 
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substantially constant imaging magnification is 
attained in the sub-scanning section with ease. 

More specifically, in this embodiment, the 
optical axis 23 of the second scanning lens 7 is made 
5 eccentric toward the deflection point 26 side of the 
deflection surface 5a with respect to the beam 
transmission position 24. At the same time, the 
principal ray 24 of the beam incident on the second 
scanning lens 7 is allowed to enter the lens at an 
10 angle with the optical axis 23 in the sub-scanning 
section . 

In this case, a maximum value of the imaging 
magnification in the sub-scanning section of the 
entire scanning region of the scanning optical system 

15 9 is represented as (imax and a minimum value thereof 
is represented as (imin. A pixel size defined 
according to a resolution in the sub-scanning section 
is represented as P. A distance between the normal 
21 to the deflection surface 5a at the deflection 

20 point 26 and the optical axis 23 of the second 

scanning lens 7 is represented as AL . Under the 
above conditions, the following relationship is 
established: 

2 5 (pmax - pmin) < P/AL ...(1) 



Based on the above,' in this embodiment, the 
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imaging magnification is set substantially constant 
in the sub-scanning section, thereby preventing the 
scanning line curvature. 

In this embodiment, preferably, the scanning 
5 line curvature is suppressed to 20 \xrci or less. 

Fig. 3 illustrates a condition of a spot on the 
photosensitive drum surface in the case of not 
decentering the lens, i.e., in the case of not 
applying this embodiment. As shown in Fig. 3, the 

10 off-axis spot involves the turning of the beam. At 
this time, if the photosensitive drum surface 
position is shifted in the beam direction, the 
condition of the spot is more deteriorated owing to 
the turning of the beam. 

15 Fig. 4 illustrates a condition of a spot on the 

photosensitive drum surface in the case where the 
second scanning lens 7 is eccentrically arranged in 
the sub-scanning section according to this embodiment. 
As shown in Fig. 4, the turning of the beam is caused 

20 on the spot and at the same time, the beam deforms. 
The turning of the beam due to the oblique incidence 
can be suppressed by eccentrically arranging the 
second scanning lens 7 with respect to the incident 
beam. 

25 Fig. 5 is a graph representative of a condition 

of the scanning line curvature according to this 
embodiment and a condition in a conventional case 
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(case of not applying this embodiment) . As shown in 
Fig. 5, in a conventional scanning optical system, 
the beam changes its arrival position according to an 
image height, whereas in this embodiment, the 
5 position of the scanning line in a Z direction does 
not vary depending on the image height, offering a 
satisfactory result . 

Fig. 6 illustrates why and how the spot is 
turned and shows the second scanning lens 7 as viewed 

10 from the polygon mirror side. In Fig. 6, reference 
numeral 62 denotes an optical axis in the sub 
scanning direction; 63, a marginal ray in the main 
scanning direction of the beam incident on the second 
scanning lens 7 on the axis; and 64, a marginal ray 

15 in the main scanning direction of the beam incident 
on the second scanning lens 7 at the farthest 
position from the axis. 

As shown in Fig. 6, the off-axis marginal ray 
64 obliquely enters the second scanning lens 7. This 

20 is because the beam obliquely enters the scanning 

optical system in the sub-scanning section. At this 
time, if the beams are incident on the optical axis 
in the sub-scanning section, the beams are emitted in 
a refracted form and thus, the emitted beams enter 

25 the image plane at spatially torsional positions 

instead of reaching the image plane at one point. If 
the beam reaches the image plane in the torsional 
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form, the beam is turned, resulting in the deformed 
spot . 

Fig. 7 illustrates conditions of the marginal 
rays in the main scanning direction of the beam until 
5 the rays outgoing from the second scanning lens 7 

reach the image plane. In Fig. 7, reference numeral 
71 denotes a principle ray of the beam; 72, 73, 
marginal rays in the main scanning direction, 
respectively; 75, a z-coordinate in the image plane 

10 in the sub scanning direction; and 74, a y-coordinate 
in the sub scanning direction, in the image height 
direction (main scanning direction) . 

Fig. 8 illustrates positions at which the 
marginal rays reach the image plane as black circles. 

15 In Fig. 8, reference numeral 85 denotes a position at 
which the principle ray of the beam reaches the image 
plane. Reference numerals 86 and 87 each denote a 
position at which the marginal ray in the main 
scanning direction reaches the image plane. 

20 As shown in Fig. 8, unless the turning of the 

beam is corrected, the beam reaches the image plane 
out of position. At this time, when the marginal 
rays 86 and 87 reach there at a large deviation 
amount AZ of the beam arrival position in the Z 

25 direction, the turning amount of the spot increases, 
resulting in the deformed spot. 

Fig. 9 is a graph representative of a 
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decentering effect of the lens (scanning lens) in the 
sub-scanning section. In Fig. 9, in the case of not 
decentering the lens in the sub-scanning section with 
respect to the obliquely incident beam, the deviation 
5 amount AZ takes a larger value as an image height y 

increases as denoted by 91 in the graph. Accordingly, 
in such a state, when the image height is 0, the beam 
is not turned. However, as the image height y 
increases, the turning amount of the beam increases; 

10 the beam is most obviously deformed with the maximum 
image height. 

Denoted by 92 in the graph is a case of 
decentering the lens in the sub-scanning section 
under the condition that the beam is not obliquely 

15 incident, i.e., that an obliquely incident angle a is 
0. As apparent from the graph, the deviation amount 
AZ is changed based on whether or not the lens is 
decentered. Denoted by 93 is a condition where the 
correction is performed such that the deviation 

20 amount AZ of the beam is cancelled by applying an 
operation of decentering the lens to the obliquely 
incident condition, thus avoiding the variation 
depending on the image height. That is, decentering 
the lens suppresses the turning of the beam and 

25 offers a favorable spot. 

Also, as shown in Fig. 9, a direction in which 
the deviation amount AZ is cancelled is a direction 
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in which the optical axis of an anamorphic lens 
(second scanning lens 7) having a positive refractive 
power in both the main scanning direction and the sub 
scanning direction is shifted toward the deflection 
5 point side with respect to the beam transmission 
position in the sub scanning direction. 

Hereinafter, a description will be given of a 
principle that the scanning line curvature is caused 
in theory upon the oblique incidence as compared with 

10 the case of not involving the oblique incidence. 

Fig. 10 illustrates a condition in the sub- 
scanning section with no oblique incidence. In Fig. 
10, reference numeral 101 indicates an optical axis 
of the scanning optical system in the sub-scanning 

15 section; 102, a position where the incident optical 
system temporarily focuses the beam into a linear 
image; 103, an image plane (photosensitive drum 
surface) ; 104, an imaging point on the image plane; 
105, a scanning optical system; 106, a deflection 

20 surface of the polygon mirror at an image center; 107, 
a deflection surface of the polygon mirror at an 
image end; and 108, a mirror image position relative 
to the position 102 where the incident optical system 
temporarily focuses the beam into the linear image on 

25 the deflection surface 107 at the image center. 

In Fig. 10, in the case of not involving the 
oblique incidence, even if the deflection surface of 
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the polygon mirror is shifted from the one denoted by 
106 to the one denoted by 107 owing to the rotation 
of the polygon mirror, the mirror position 108 where 
the beam is temporarily focused into an image at the 
5 image center is on the optical axis 101. Thus, the 
beam is focused into an image on the optical axis 101 
even on the image plane 103* As a result, the 
scanning line curvature does not occur, which 
corresponds to the imaging position shift, in the 

10 sub-scanning section according to the image position. 

Fig. 11 illustrates a condition in the sub- 
scanning section in an oblique incident optical 
system. In Fig. 11, reference numeral 111 denotes a 
normal to a deflection surface; 112, a position where 

15 an incident optical system temporarily focuses the 
beam into a linear image; 113, an image plane 
(photosensitive drum surface) ; 114, an imaging point 
on the image plane 113 at an image end; 115, a 
scanning optical system; 116, a deflection surface of 

20 a polygon mirror at the image end; 117, a deflection 

surface of the polygon mirror at an image center; 118, 
a mirror position relative to the position 112 where 
the incident optical system temporarily focuses the 
beam into a linear image on the deflection surface 

25 117 at the image end; 119, an imaging position on the 
image plane at the image end without correcting a 
magnification; and 120, an optical axis of the 
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scanning optical system 115. 

As shown in Fig. 11, . the deflection surface 116 
at the image end is at the same position as the 
position 112 where the incident optical system 
5 temporarily focuses the beam into a linear image. On 
the other hand, the temporarily imaging point at the 
image center does not coincide with the position of 
the deflection surface 117 and thus serves as the 
imaging point in the case of emitting the beam from 

10 the mirror position 118. Thus, the beam is focused 
into an image at the imaging position 119 different 
from the imaging point at the image center with 
respect to the sub-scanning section. The shift of 
the imaging position 119 according to the image 

15 position leads to the scanning line curvature. 

To correct the scanning line curvature, in this 
embodiment, a lens plane shape is changed according 
to the image position, thereby shifting a position of 
a principle plane to keep the magnification in the. 

20 sub-scanning section constant. More specifically, an 
object point shift in the optical axis direction due 
to the rotation of the polygon mirror, which changes 
a field angle of the beam incident on the scanning 
optical system 115, is corrected by changing the lens 

25 plane; the magnification in the sub-scanning section 
is kept constant irrespective of the rotation angle 
of the polygon mirror. Therefore, the beams are 
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focused into an image at the same imaging point on 
the image plane 113 in the sub-scanning section. 

In the present invention, the term "constant 
magnification in the sub-scanning section 11 means that 
5 the magnification in the sub-scanning section falls 
within a range of ±10% or less in the entire scanning 
region based on the magnification in the sub-scanning 
section on the axis (image center) on the surface to 
be scanned 8 . 

10 In particular, in the case where the common 

polygon mirror is used for scanning with the beam on 
the photosensitive drum surfaces at both sides of the 
polygon mirror, the scanning line curvature occurs in 
an opposing direction unless the number of folding 

15 mirrors is changed. In this case, the images formed 
on the photosensitive drum surfaces arranged at both 
sides are finally superposed into a multi-color image. 
At this time, the scanning position shift leads to 
the color drift and color tint variation, resulting 

20 in the deteriorated image. However, it is 

experimentally found that a difference in the beam 
arrival position between the image center and the 
image end is suppressed to a level corresponding to 
one pixel or smaller, so that the above shift is 

25 regarded as allowable in terms of the image quality. 

Also, with the structure of this embodiment, 
the scanning line curvature can be corrected to an 
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allowable level as described above. By definition, 
the small magnification in the sub-scanning section 
of the optical scanning system, in particular, the 
magnification less than 0.7-fold magnification causes 
5 less scanning line curvature in principle, which 

level is insignificant even if this embodiment is not 
applied. 

Effects of this embodiment are most 
significantly exerted on the scanning optical system 

10 having the 0.7-fold or higher magnification in the 
sub-scanning section. Further, to correct the 
curvature of field in the sub-scanning section, a 
refractive power of a scanning lens in the sub- 
scanning section should weaken from the on-axis 

15 position to the off-axis position. 

Accordingly, in this embodiment, the imaging 
magnification in the sub-scanning section for the 
scanning optical system 9 is set to the 0.7-fold or 
higher magnification in the entire surface to be 

20 scanned 8 and as described above, the second scanning 
lens 17 is formed such that its refractive power 
weakens from the on-axis position to the off-axis 
position . 

As described above, in this embodiment, the 
25 beam from the cylindrical lens (condenser lens) 4 is 
made incident at an angle with the normal to the 
deflection surface 5a in the sub-scanning section to 
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set the imaging magnification substantially constant 
in the sub-scanning section of the scanning optical 
system 9. As a result, the optical scanning 
apparatus capable of attaining the favorable spot 
5 shape on the surface to be scanned and free of the 
scanning line curvature can be obtained. 

Note that in this embodiment, the light source 
means is constituted of a single beam laser. However, 
the present invention is not limited thereto but may 

10 adopt the one constituted of a multi-beam laser 

having plural light emitting points where the plural . 
beams are emitted. Thus, the same surface to be 
scanned may be scanned with the plural emitted beams 
through the common light deflector. 

15 (Numerical Embodiment) 

Hereinafter, a numerical embodiment of the 
present invention will be described. Table 1 shows 
optical parameters of the present invention. Figs. 
12 and 13 are a main-scanning sectional view and a 

20 sub-scanning sectional view of an optical scanning 
apparatus according to the numerical embodiment, 
respectively. In Figs. 12 and 13, the same 
components as in Figs. 1 and 2 are denoted by the 
same reference symbols. 

25 The shapes of refraction surfaces of the first 

scanning lens 16 and the second scanning lens 17 of 
the numerical embodiment are represented by the 
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10 



15 



following shape expression. That is, provided that a 
point where the lens plane crosses the optical axis 
is set as the origin; an x axis represents an optical 
axis direction; a y axis represents an axis 
orthogonal to the optical axis in the main-scanning 
section; and a z axis represents an axis orthogonal 
to the optical axis in the sub-scanning section, a 
generatrix direction corresponding to the main 
scanning direction is represented by the following 
expression : 



(where R represents a radius of curvature, and K, B 4 , 
B 6 , B 8 , and Bi 0 each represent an aspherical 
coefficient) , and the meridian direction 
corresponding to the sub scanning direction 
(direction orthogonal to the main scanning direction 
including the optical axis) is represented by the 
following expression : 



(where r' represents a meridian radius of curvature 
on the optical axis, and D 2 , D 4 , D 6 , D 8 , and D i0 each 
represent an aspherical coefficient) , and the unit of 
r, R, and d is mm. 




x = 



l + jl-(l + K)(z/r¥ 



r'~r(l + D 2 y 2 +D 4 y 4 + D 6 y 6 + D s y* + D 10 y 10 ) 
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Table 1 



Wavelength used (inm) 


7 . 90E-07 


Refractive index of f9 
lens 


1.524 


Incident angle in main 
scanning direction (deg.) 


90 


Incident angle in sub 
scanning direction (deg.) 


2.2 


Deflection point-GlRl (mm) 


1.65E+01 


Focal distance of f0 lens 
(mm) 


1.50E+02 



Type ST2 


Rl plane 


R2 plane 


Scanning 
starting-side 
(s) 


Scanning 
ending-side 
(e) 


Scanning 
star ting- side 
(s) 


Scanning 
ending-side 
(e) 


Main 
scanning 


d 


6. 00E+OO 


d 


4 . 80E+01 


R 


-3. 62E+01 




R 


-2 . 48E+01 




K 


-1 . 18E+00 


K 


-1 . 18E+00 


K 


-2.26E+00 


K 


-2 . 26E+00 


B4 


5. 67E-06 


B4 


5. 67E-06 


B4 


-1 . 05E-05 


B4 


-1 . 05E-05 


B6 


2 . 76E-08 


B6 


2.76E-08 


B6 


2 . 55E-08 


B6 


2 . 55E-08 


B8 


-1 . 31E-10 


B8 


-1. 31E-10 


B8 


-1 . 84E-11 


B8 


-1 . 84E-11 


BIO 


1. 13E-13 


BIO 


1. 13E-13 


B10 


-5. 89E-14 


B10 


-5. 89E-14 


Sub 
scanning 


r 


-1. 00E+03 


r 




r 


-1 . 00E+03 


r 




D2 


0 . 00E+00 


D2 


0 . 00E+00 


D2 


0 . 00E+00 


D2 


0 . 00E+00 


D4 


0.00E+00 


D4 


0. 00E+00 


D4 


0. 00E+00 


D4 


0 . 00E+00 


D6 


O.O0E+00 


D6 


0 . 00E+00 


D6 


0 . 00E+00 


D6 


0 . 00E+00 


D8 


0.00E+00 


D8 


0. 00E+00 


D8 


0 . 00E+00 


D8 


0. 00E+00 


D10 


0. 00E+00 


D10 


0. 00E+00 


D10 


0 . 00E+00 


D10 


0. 00E+0O 
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Type ST2 


R3 plane 


R4 plane 1 


Scanning 
starting-side 
(s) 


Scanning 
ending-side 
(e) 


Scanning 
star ting- side 
(s) 


Scanning 
ending-side 
(e) 


I Main 
scanning 


d 


4 . OOE'+OO 


d 


9. 95E+01 


R 


-4 . 61E+02 




R 


8. 36E+02 




K 


0. 00E+00 


K 


0. 00E+00 


K 


-3. 58E+01 


K 


-3. 58E+01 


B4 


0. 00E+00 


B4 


0. 00E+00 


B4 


-1 . 02E-06 


B4 


-1 . 02E-06 


B6 


0. 00E+00 


B6 


0. 00E+00 


B6 


2. 09E-10 


B6 


20. 9E-10 


B8 


0. 00E+00 


B8 


0. 00E+00 


B8 


-3. 39E-14 


B8 


-3. 39E-14 


BIO 


0. 00E+00 


B10 


0. 00E+00 


BIO 


2 . 68E-18 


BIO 


2 . 68E-18 


Sub 
scanning 


r 


-1 . 00E+03 


r 




r 


-2 . 14E+01 


r 




D2 


0 . 00E+00 


D2 


0. 00E+00 


D2 


1. 81E-04 


D2 


1 . 69E-04 


D4 


0. 00E+00 


D4 


0. 00E+00 


D4 


-8 . 03E-08 


D4 


-6. 92E-08 


D6 


0 . 00E+00 


D6 


0. 00E+00 


D6 


3. 07E-11 


D6 


2 . 19E-11 


D8 


0 . 00E+00 


D8 


0. 00E+00 


D8 


-7. 61E-15 


D8 


-4 . 14E-15 


D10 


0. 00E+00 


D10 


0. 00E+00 


D10 


8 . 89E-19 


D10 


3. 78E-19 



In this embodiment, the beam is incident at an 
obliquely incident angle of 2.2 degrees with the 
5 normal to the deflection surface 5a of the polygon 

mirror 5 (oblique incident optical system) . Also, in 
this case, the second scanning lens 17 has the 
optical axis at a position shifted by 1.46 (mm) in 
the z direction (sub scanning direction) with respect 
10 to the plane perpendicular to the deflection point. 
Figs. 14A and 14B each show a paraxial image plane 
position at this point. As shown in Figs. 14A and 
14B, the satisfactory optical performance can be 
attained in terms of the imaging performance and the 
15 image height drift. 

Here, with the proviso that the resolution is 
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600 dpi, the respective parameters in Conditional 
Expression (1) above in this embodiment are as 
follows . 

pmax = 1.38 4 
5 pmin = 1.377 

P = 0.0423 (mm) 

AL = 1.46 (mm) 
Those values meet Conditional Expression (1). 

Also, the optical axis of the second scanning 
10 lens 17 is shifted by 1.3 (mm) toward the deflection 
point side with respect to the incident beam. 
Therefore, the turning of the beam is corrected, 
achieving the satisfactory spot shape. Further, the 
optical axis is shifted to the deflection point side, 
15 by which the magnification can be set more uniformly 
in the sub-scanning section while the scanning line 
curvature can be corrected. In this embodiment, the 
scanning line curvature is suppressed to 2 or less 
to obtain the satisfactory optical performance. 
20 In this embodiment, the case of using the 

resolution of 600 dpi has been described by way of 
example. However, the present invention rather 
exerts the effects on the image forming apparatus 
having the resolution of 1200 dpi or more, which 
25 value exceeds 600 dpi. 

In this embodiment, the optical axis of the 
second scanning lens 17 is shifted to the deflection 



- 33 - 



point side with respect to the incident beam. 
However, it is possible to shift the optical axis to 
the deflection point side and to decenter (tilt) it 
through the rotation about the main scanning 
5 direction as an axis . 
(Second Embodiment) 

Fig. 15 is a schematic diagram showing a main 
part of a color image forming apparatus according to 
a second embodiment of the present invention. This 

10 embodiment corresponds to a tandem type color image 
forming apparatus where the four optical scanning 
apparatuses according to the first embodiment are 
arranged and used for recording image information on 
a photosensitive drum surface as an image bearing 

15 member surface in parallel. 

In Fig. 15, reference numeral 260 denotes a 
color image forming apparatus. Denoted by 211, 212, 
213, and 214 are each an optical scanning apparatus 
according to the first embodiment. Denoted by 221, 

20 222, 223, and 224 are each a photosensitive drum as 
the image bearing member. Denoted by 231, 232, 233, 
and 234 are each a developing device. Denoted by 251 
is a conveyor belt. 

In Fig. 15, the color image forming apparatus 

25 260 receives signals in respective colors of R (red) , 
G (green) , and blue (B) from an external device 252 
such as a personal computer. Those color signals are 
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converted by a printer controller 253 within the 
apparatus into image data (dot data) in respective 
colors of C (cyan) , M (magenta) , Y (yellow) , and B 
(black) to be inputted to the optical scanning 
5 apparatuses 211, 212, 213, and 214, respectively. 

Light beams 241, 242, 243, and 244 are emitted from 
the optical scanning apparatuses after being 
modulated according to the corresponding image data 
to scan photosensitive surfaces of the photosensitive 

10 drums 221, 222, 223, and 224 with the light beams in 
the main scanning direction. 

The color image forming apparatus according to 
an aspect of this embodiment has the four optical 
scanning apparatuses (211, 212, 213, and 214) 

15 arranged and corresponding to the respective colors 
of C (cyan), M (magenta), Y (yellow), and B (black). 
The optical scanning apparatuses are adopted to 
record image signals (image information) on the 
surfaces of the photosensitive drums 221, 222, 223, 

20 and 224, in parallel to one another, thereby printing 
the color image at a high speed. 

The color image forming apparatus according to 
the aspect of this embodiment forms latent images in 
respective colors on the corresponding surfaces of 

25 the photosensitive drums 221, 222, 223, and 224 with 
the light beam based on the image data using the four 
optical scanning apparatuses 211, 212, 213, and 214 
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as described above. Thereafter, the latent images 
are multiply transferred onto the recording material 
to form a single full-color image. 

The external device 252 may be a color image 
5 reading apparatus equipped with a CCD sensor, for 
instance. In this case, the color image reading 
apparatus and the color image forming apparatus 260 
constitute a color digital copying machine. 
(Third Embodiment) 

10 Fig. 16 is a schematic diagram showing a main 

part of a third embodiment of the present invention. 

This embodiment corresponds to an image forming 
apparatus where different photosensitive drums 126 
are scanned using a single polygon mirror 121 to form 

15 a full-color image through the multi-development. 

More specifically, in Fig. 16, reference 
numeral 121 denotes a single light deflector, which 
is constituted of the (rotary) polygon mirror, for 
instance, and rotated at a constant speed by drive 

20 means (not shown) such as a motor. Denoted by 122 
are first scanning lenses each serving as a first 
imaging means and constituted of an anamorphic lens 
having a refractive power mainly in the main-scanning 
section, on which two or more beams are incident. 

25 Denoted by 123 are second scanning lenses each 

serving as a second imaging means and constituted of 
an anamorphic lens having a refractive power mainly 
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in the sub-scanning section, .on which the 
corresponding beams are incident. 

Reference numerals 124 and 125 denote first 
folding mirrors and second folding mirrors, 
5 respectively, all of which reflect the beam toward 
the predetermined direction; and 126, the 
photosensitive drums each obtained by coating a 
conductor with a photosensitive layer, on which the 
electrostatic latent images are formed with the 

10 corresponding beams. 

In this embodiment, the first scanning lenses 
122, the second scanning lenses 123, the first 
folding mirrors 124, and the second folding mirrors 
125 constitute the scanning optical system. The 

15 scanning optical systems are arranged at both sides 
of the single polygon mirror 121. The scanning 
optical system has almost the same optical 
performance as that of the above first embodiment. 

In this embodiment, the four beams emitted from 

20 the incident optical system (not shown) including 

light source means (not shown) and plural cylindrical 
lenses (not shown) are incident at different angles 
with the normal to the deflection surface of the 
single polygon mirror 121 from the different 

25 directions in the sub-scanning section, and 

temporarily focused into an image in the vicinity of 
the deflection surface (oblique incident optical 
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system) . The light source means emits the plural (in 
this embodiment, four) beams modulated according to 
the image signal. The cylindrical lenses each have a 
refractive power only in the sub scanning direction 
5 as condenser lenses arranged corresponding to the 
four beams . 

Here, in this embodiment, the light source 
means is constituted of two monolithic semiconductor 
lasers each having two light emitting portions. 

10 However, the present invention is not limited 

thereto but may adopt the light source means 
constituted of four monolithic semiconductor lasers 
each having one light emitting portion. 

Also, in this embodiment, the four beams enter 

15 the four photosensitive driams 12 6 in a one-to-one 
relationship to form a scanning line on each 
photosensitive drum 12 6. However, the present 
invention is not limited thereto. 

In the present invention, two or more beams may 

20 be incident on each of the four photosensitive drums 
12 6 to form the scanning line on each photosensitive 
drum 126. 

In this case, a surface emitting laser having 
two or more light emitting portions may be used. 
25 After that, the four temporarily focused beams 

are deflected and reflected through the rotation of 
the polygon mirror 121 to enter each of the scanning 
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optical systems arranged at both sides of the single 
polygon mirror 121. In the optical scanning system, 
the two beams are incident on the common first 
scanning lens 122 at different angles at each side 
5 and are refracted mainly in the sub-scanning section, 
correcting the curvature of field in the main- 
scanning section and the f0 characteristic. Further, 
the beams emitted from the first scanning lens 122 
are each incident on the corresponding second 

10 scanning lens 123 through the corresponding folding 
mirror with the curvature of field corrected mainly 
in the sub-scanning section, and are focused into an 
spot image on the corresponding photosensitive drum 
126 surface to be scanned thereon. 

15 As shown in Fig. 16, the polygon mirror 121 is 

used singly while the first scanning lens 122 is 
common to the plural beams, making it possible to 
reduce the optical parts. Also, adopting the oblique 
incident optical system minimizes a width of the 

20 first scanning lens 122 and the polygon mirror 121 in 
the sub scanning direction. Thus, the color image 
forming apparatus can be provided with a simple 
structure using the four beams. 

Fig. 17 is a developed view showing a condition 

25 of an optical path of the optical scanning systems at 
one side of the polygon mirror 121 in a developed 
form excluding the folding mirror. In Fig. 17, the 
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same components as in Fig.' 16 are denoted by the same 
reference numerals . 

As shown in Fig. 17, the second scanning lenses 
123 each include an optical axis 128 at a position 
5 eccentric to a deflection and reflection point 127 
side in the sub-scanning section. At this time, by 
setting the magnification constant in the sub- 
scanning section while meeting Conditional Expression 
(1) above, the scanning line curvature is eliminated 
10 as well as the turning of the beam can be corrected. 
Accordingly, the photosensitive drum 126 surface can 
be optically scanned with the favorable beam spot 
with a scanning path involving the less scanning line 
curvature . 

15 As described above, in this embodiment, the 

plural beams from the incident optical system are 
made incident with an angle with the normal to the 
deflection surface of the single polygon mirror 121 
in the sub-scanning section. The imaging 

20 magnification is set substantially constant in the 
sub-scanning section in the plural scanning optical 
systems. As a result, the color image forming 
apparatus capable of attaining the satisfactory spot 
shape on the surface to be scanned and free of the 

25 scanning line curvature can be obtained. 

In this embodiment, the optical axes of the two 
second scanning lenses 123 are shifted to the 
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deflection point side with respect to the incident 
beam. However, it is possible to shift the optical 
axis of at least one of the two second scanning 
lenses 123 to the deflection point side and to 
5 decenter (tilt) it through the rotation about the 
main scanning direction as an axis. 
(Fourth Embodiment) 

Fig. 18 is a schematic diagram showing a main 
part of a color image forming apparatus according to 

10 a fourth embodiment of the present invention. 

This embodiment corresponds to a tandem type 
color image forming apparatus in which the image 
forming apparatus according to the third embodiment 
is used for scanning with four beams for recording 

15 image information on a photosensitive member as an 
image bearing member in parallel to one another. 

In Fig. 18, reference numeral 130 denotes a 
color image forming apparatus; and 141, an optical 
scanning apparatus having the structure according to 

20 the third embodiment. Denoted by 151, 152, 153, and 
154 are each a photosensitive drum as the image 
bearing member. Denoted by 161, 162, 163, and 164 
are each a developing device. Denoted by 131 is a 
conveyor belt. 

25 In Fig. 18, the color image forming apparatus 

130 receives signals in respective colors of R (red) , 
G (green) , and blue (B) from an external device 132 
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such as a personal computer. Those color signals are 
converted by a printer controller 133 within the 
apparatus into image data (dot data) in respective 
colors of C (cyan) , M (magenta) , Y (yellow) , and B 
5 (black) to be inputted to the optical scanning 

apparatus 141. Light beams 171, 172, 173, and 174 
are emitted from the optical scanning apparatus 141 
after being modulated according to the corresponding 
image data to scan photosensitive surfaces of the 

10 photosensitive drums 151, 152, 153, and 154 with the 
light beams in the main scanning direction. 

The color image forming apparatus according to 
another aspect of this embodiment has the optical 
scanning apparatus 141 which conducts scanning with 

15 the four beams corresponding to the respective colors 
of C (cyan), M (magenta), Y (yellow), and B (black). 
The beams are used to record the image signals (image 
information) on the surfaces of the photosensitive 
drums 151, 152, 153, and 154, in parallel to one 

20 another, thereby printing the color image at a high 
speed . 

The color image forming apparatus according to 
the aspect of this embodiment form latent images in 
respective colors on the corresponding surfaces of 
25 the photosensitive drums 151, 152, 153, and 154 with 
the beams based on the corresponding image data using 
the optical scanning apparatus 141. Thereafter, the 
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latent images are multiply transferred onto the 
recording material to form, a single full-color image. 

The external device 132 may be a color image 
reading apparatus equipped with a CCD sensor, for 
5 instance. In this case, the color image reading 

apparatus and the color image forming apparatus 130 
constitute a color digital copying machine. 

Hereinabove, the various examples and 
embodiments of the present invention have been 

10 described. However, it will be understood by those 

skilled in the art that the gist and the scope of the 
present invention should not be construed as being 
limited to the specific description in this 
specification or the accompanying drawings. The 

15 present invention allows various modifications and 

alterations within the scope of the appended claims. 

According to the present invention, as set 
forth, the beam from the condenser lens is incident 
at an angle with the normal to the deflection surface 

20 in the sub-scanning section and the optical axis of 
the scanning optical element is eccentric to the 
deflection point side of the deflection surface with 
respect to the transmission position of the principal 
ray of the beam in the sub scanning direction, 

25 whereby the optical scanning apparatus capable of 

attaining the satisfactory spot shape on the surface 
to be scanned and free of the scanning line curvature 
can be provided. 



